Introduction
The Caspian brown trout, Salmo trutta caspius Kessler, 1877, is a critically endangered anadromous species that has been considered for a biological conservation program in the southern part of the Caspian Sea (Kiabi et al. 1999; Niksirat & Abdoli 2009) . During the last decade, because of drastic declines of Caspian brown trout stocks in nature and subsequently of insufficient availability to sexual materials (sperm and ova), the aquaculturists have produced brooders from fertilized eggs in the cultural conditions in the hatchery. Under cultural condition, adult fish are exposed to various types of stressors such as handling, biopsy, transportation and hormonally induced spawning. Stress has adverse effects on reproduction process ranging from depression of endocrine function to reduction of gamete and larval quality (reviewed in Pankhurst & Van Der Kraak 1997) . One of the very sensitive and important stages of fish egg maturation is vitellogenesis which may be affected by stress. Several studies showed that stress has adverse impacts on vitellogenesis. Berg et al. (2004) investigated the stress effects on the synthesis of egg yolk precursor, vitellogenin (Vtg) in Arctic char, Salvelinus alpinus (L., 1758). Results showed that cortisol (as most physiological response to stress) reduces the Vtg protein levels without affecting the Vtg mRNA levels. King et al. (2003) showed that temperature stress has adverse impact on follicular vitellogenesis of Atlantic salmon, Salmo salar L., 1758. In this regard, Maintenance at 22
• C during vitellogenesis was associated with a general reduction in plasma E 2 levels and an early reduction in plasma Vtg levels relative to those observed in fish held at 14
The aim of this work was to find a simple indicator for easy detection of follicular vitellogenesis stage of cultured Caspian brown trout. This can help to better management of stress and improving of animal welfare during this sensitive stage (vitellogenesis).
Material and methods

Brooders
The 4-years-old females of cultured Caspian brown trout were used. These females were larvae that had been propagated simultaneously from wild stocks and then cultured Vitellogenesis in the cultured Caspian brown trout 797 for 4 years in the outdoor tanks under natural photoperiod and water temperature at the experimental facilities of the Kalardasht Salmonid Reproduction Center (KSRC), Iran. In brooder pond, adult fish were fed to satiation 5 days a week with commercially available dry feed (BioMar).
Gonad and blood sampling during reproductive cycle Ten individuals of adult caspian brown trout (total weight: 110-251 g; total length: 10-15 cm) from broodstock pond (2 × 3 × 1 m 3 with water flow: 100 L min −1 ; temperature range: 2-15 • C; dissolved oxygen: 9.2-9.5 mg L −1 ) were randomly collected monthly from August to January 2007 (totally 60 fish). The blood samples were collected monthly by cutting of caudal peduncle. The blood samples were centrifuged (13,700 g for 10 min) to separate the serum and this was stored at -20
• C until hormonal analysis. Ovaries of monthly collected fish were fixed in Bouin's solution, embedded in paraffin wax, sectioned at 6 µm thick, and stained with hematoxylin and eosin. At the end, the slides of ovarian tissues were examined to determine the ovariogenic development by based on criteria of Yamamoto et al. (1965) and Bromage & Cumaranatunga (1988) .
Estradiol-17β assay Method of assay: Direct Radio Immuno Assay method (DRIA) which was a simplified method of Canario & Scott (1989) was used (Stanczyk et al. 2007 ). This method does not incorporate a purification step (extraction) before quantification of the analysis. Assay kit of estradiol-17β was obtained from IMMUNOTECH, France. Kit properties: Sensitivity: 6 pg mL −1 , specificity: mainly cross-reactivity with: estrone: 2.3% estriol: 0.26%, estradiol 3-glucuronide: 0.033%, estradiol 17-glucuronide: 0.033%, estradiol sulfate: 13.5% with other 19 steroids, crossreactivity was less than 0.1%.
Calcium assay
Calcium values were measured using arsenazo method. In this method, calcium reacts with Arsenazo III in a slightly alkaline medium to form a purple-colored complex which absorbs at 650 nm. The intensity of the color is proportional to the calcium concentration.
Statistical analysis
The SPSS software was used to analyze data. All parameters were normal according to Kolmogorov Smirnov test. The P < 0.05 was used as significance level used for data evaluation. One-way ANOVA was employed to analyze data. Then, means were compared by Tukey's test. The correlation between estradiol-17β and plasma calcium was tested using the bivariate correlation coefficients of Pearson.
Results
Changes of plasma calcium and estradiol during ovarian development
The concentration of estradiol-17β was unchanged and low throughout the experiment but a clear peak was observed in October (P < 0.05) (Fig. 1) . The concentrations of plasma calcium increased significantly during October and November (P < 0.05) but then declined steadily until the end of experiment (P > 0.05) (Fig. 2) . Also, significant positive relationship was found between plasma calcium and estradiol (P < 0.05, bivariate coefficient: 0.63). Ovarian histology over the course of experiment Histological observations indicated that estradiol-17 and calcium peaks are coincident with vitellogenesis stages: early yolk globule stage (Fig. 3A) , mid yolk globule stage (Fig. 3B ) and late yolk globule stage (Fig. 3C) .
Discussion
Histological observations showed that the follicular development progressed until vitellogenesis, indicating that female cultured Caspian brown probably acquired final maturation with more than 4 years. In fish life cycle, the age at first maturity is in relation to genetic properties (Glebe & Saunders 1986; Ritter et al. 1988) and biological and environmental factors (Chadwick et al. 1986) . A negative linear correlation between growth rate and age at first maturation was reported in rainbow trout, Oncorhynchus mykis (Walbaum, 1792) (Sylven & Elvigson 1991) and Atlantic salmon, Salmo salar (Duncan et al. 2002) . In this regard, as the growth rate H.R. Jamalzadeh et al. increases, the gonad maturation occurs in younger ages. In this study, in spite of the age similarity between the fish of cultured and a group of wild Caspian brown trout in the hatchery, the cultured fish had lower body weight than wild individuals (personal observations). In addition the wild fish produced ova during the spawning season while the cultured females merely complete the ovarian development until vitellogenesis (personal observation). These data suggest a negative relationship between growth rate and age at first maturation in cultured female Caspian brown trout as reported previously for rainbow trout (Sylven & Elvigson, 1991) and Atlantic salmon (Duncan et al. 2002) .
In female teleosts, sexual maturation is driven by a gonadotropin-induced increase in plasma estradiol-17β levels (Nagahama, 1987) . Estradiol-17β stimulates the liver to produce Vtg which is a yolk protein precursor. The Vtg is released to the circulation and as Vtg binds calcium, total plasma calcium levels increase. Vtg is subsequently sequestered by the oocytes, processed and stored for the nutrition of the embryo (Nagahama 1987; Persson et al. 1998 ). In fact, there is a positive relationship between Vtg concentration and plasma calcium during vitellogenesis stage. In teleosts, numerous studies showed the positive relationship between plasma calcium and Vtg concentration (Nakari et al. 1988; Linares-Casenave et al. 2003; Gillespie & Peyster 2004) .
Similar change trends in the plasma estradiol-17β and calcium were identified in our study. According to histological observations, calcium and estradiol-17β increases were coincident with vitellogenesis stage. As well as, a close positive correlation was found between the plasma concentration of calcium and estradiol-17β. During November to January, all examined females were in vitellogenesis phases. Phase 1 (November): most advanced oocytes at cortical alveoli stage (erly yolk globule stage), the oil droplets were distributed throughout cytoplasm, the yolk globules started appearing in oocyte, first in peripheral cytoplasm as small granules stained with hematoxylin and after accumulating in cytoplasm filling spaces between oil droplets. Phase 2 (December): most advanced oocytes were at mid yolk globule stage. Due to the distribution and number of yolk globules throughout cytoplasm, size of oocytes increased more subsequently. Phase 3 (January): the more advanced than mid yolk globule stage. Yolk accumulation increased and more oil-droplets were accumulated around the nucleolus. With regard to the good fitness of plasma calcium and estradiol-17β peak with histological observations suggests that plasma calcium could be a good and simple indicator for detection of follicular vitellogenesis stage in the cultured Caspian brown trout. At present, histological investigations or measurement of plasma estradiol-17β is time consuming, expensive and more stressful than plasma calcium assay. As well as, for histological studies of ovary, the killing of fish is an unavoidable operation. On the other hand, the time of follicular vitellogenesis stage may be different among various stocks of Caspian brown trout due to the other factors that affect maturation process such as nutritional status and genetic variations.
In conclusion, our results suggest that detection of follicular vitellogenesis stage of cultured Caspian brown trout by plasma calcium changes is better than his-tological studies of ovary and measurement of plasma estradiol-17β in terms of costs and time.
